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(54) Modular liner for limb stump prosthesis 

(57) Apparatus tor effecting comfortable fitting of a 
prosthetic appliance over an amputee's limb stump 
which has an irregular surface. The apparatus includes 
a liner surrounding the stump. The liner is, in turn, at 
least indirectly, connected to the artificial limb. A vacuum 
pump is provided, the pump serving to draw vacuum at 



an interface of the stump and an inner wall of the liner, 
and a plurality of pressure-sensitive transducers are dis- 
posed about the stump a\ locations spaced from each 
other. The apparatus includes means, responsive to 
pressure reduction sensed by the transducers, to actu- 
ate the vacuum pump. 
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Description 

Technical Field 

The present invention is related broadly to the field 
ot prosthetcs More specifically, however, the invention 
relates to a prosthetic liner for an artificial limb to cover 
and be attached to the stump of an amputee. The spe- 
cie focus of the invention is a modular concept for pro- 
viding a custom-fitted liner for a prosthesis for an am- 
putee^ limo. such as a stump extending downwardly 
from an amputee's knee or from above the knee. 

Background o' the Invention 

Various prosthetic liners are known in the prior art. 
For example United States Patent No. 5,446,443 (Wil- 
son et al ) issued on November 7, 1995 for a device 
characterized as PROSTHETIC DEVICE FOR AM- 
PUTEES That reference discusses the use of a pros- 
thesis which has a relatively rigid, support shell dimen- 
sioned to receive a portion of the residual limb of the 
amputee. The apparatus also includes a pad member 
which has a plurality of pouches at least partially filled 
with fluid. It is intended that the pad member of that ref- 
erence substantially encircle the residual portion of the 
amputee's leg with its fluid pouches being position ad- 
jacent one another about the end along the leg. The pad 
member having the pouches is, therefore, placed in me- 
dian engagement with the stump. 

United States Patent No. 5,405,405 (Love) issued 
on April 1 1 , 1 995 lor an invention entitled PROSTHETIC 
SOCKET CONTAINING INFLATABLE MEANS. That 
reference teaches a composite socket member for use 
with a prosthetic appliance. An outer socket of the de- 
vice defines an inner cavity generally conforming to the 
outer surlace of the residual limb o( the amputee. An 
inner socket defines an inner cavity which is intended to 
receive the amputee's residual limb. The inner socket 
conforms to the shape of the outer socket and, when 
nested within the cavity of the outer socket, defines an 
air space between the inner surface of the outer socket 
and the outer surface of the inner socket. An inflatable 
bladder is disposed between the inner surface of the 
outer socket and the outer surface of the inner socket. 
Means are provided for inflation of the bladder. The 
movement and rotation stability of the prosthetic appli- 
ance is, thereby, controlled. 

United States Patent No. 5,387,245 (Fay et al.) is- 
sued on February 7, 1 995 for a device characterized as 
an INFLATABLE PROSTHESIS LINER. The apparatus 
includes a socket having selectively inflatable bladders 
which enable the prosthesis to be customized to fit an 
individual patient. A liner having two liner parts is em- 
ployed to accomplish this goal. One liner part is placed 
onto the amputee's stump. A prosthetist then deter- 
mines the region or regions where bladders are needed 
to provide a comfortable fit. These areas are identified 



and overlain with an adhesive. The outer liner is then 
brought into overlying relationship to the inner liner so 
that the two liner parts adhere to one another abng the . 
outlined regions. After inflation of a bladder or bladders. 

& theinnerlinerconformstothestump.andtheouterliner 
conforms to the shape of the inner wall of the socket of 
the appliance. The device can include an annular blad- 
der at the proximal rim of the socket to create a seal in 
order to maintain a suction within the socket. 

10 United States Patent No. 5,31 4,497 (Fay et al.) is- • 
sued on May 24, 1 994 for a device characterized as AP- 
PARATUS AND METHOD FOR SEALING A LINER TO 
A PROSTHESIS. The liner of that reference is intended 
to cushion an amputee's stump when it is placed into a 

is prosthesis socket. In order to accomplish this, the liner 
includes selectively inflatable bladders or customizing 
the liner to fit indivdual patients. The liner is made of 
two parts. The first is an inner liner and the second is an 
outer liner. A region or regions where inflation to expand 

so the space between the two liners might be needed are 
defined and outlined with an adhesive. The inner and 
outer liner portions adhere to one another along the out- 
lined regions to define bladders. The bladders can then 
be selectively inflated to conform the outer liner to the 

ss shape of the interior wall of the appliance socket. 

United States Patent No. 5,246,464 (Sabolich) is- 
sued on September 21, 1993 for an apparatus charac- 
terized as ARTIFICIAL LIMB WITH ANATOMICALLY 
CONFIGURED SOCKET. The.device of that reference 

30 includes a system of inflatable compartments to enable 
the adjusting of the size and fit of the prosthesis. With 
the provision of these compartments, the patient may 
adjust the dimensions of the socket by inflating one or 
more of the compartments. 

35 United States Patent No. 5,139,523 (Paton et al.) 
issued on August 18, 1992 for an ARTIFICIAL LIMB 
SOCKET APPARATUS. The device disclosed by that 
reference includes a vent provided through a sleeve 
support for venting the interior of the socket. The refer- 

40 ence also teaches the provision of pneumatic chambers 
to enhance comfort of the amputee. 

United States Patent No. 5,133,776 (Crowder) is- 
sued on July 28, 1992. The apparatus of that reference 
is characterized as a PROSTHETIC VOLUME COM- 

"5 PENSATION DEVICE. It includes an air cell or cells 
which may be placed into an existing prosthesis or in- 
cluded into a newly-fabricated prosthesis. Means are in- 
cluded to allow for manual adjustment of the degree of 
inflation of the air cell or cells so that changes in volume 

so of the residual limb of the amputee may be compensat- 
ed for as required. Inflation is accomplished by a finger- 
tip operated pump. A valve is also provided to allow for 
exhausting air from the air cell. 

United States Patent No. 5,108,456 (Coonan, III) is- 

ss sued on April 28, 1992 for a PROSTHETIC APPLI- 
ANCE. That appliance includes several inflatable blad- 
ders which, when inflated, act against the rigid side walls 
of the prosthesis member in order to force portions of 
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the socket member side walls inwardly to grip the resid- 
ual limb of the amputee. Inflation control means are pn> 
vided and can include a manually-operable air pump. 
One or more manually-operable air valves are also pro- 
vided. A valve is used in combination with each of the 
bladders to allow for exhaust of air from the correspond- 
ing bladder. 

United States Patent No. 4,923,475 (Gosthnian et 
al.) issued on May 8. 1 990. The device of that reference 
is characterized as an INFLATABLE LIMB PROSTHE- 
SIS WITH PREFORMED INNER SURFACE. The refer- 
ence teaches a stump-receiving socket and. a plurality 
of inflatable bladders. Means are employed in order to 
enable one to vary the pressures within the bladders. 
The bladders are made of a relatively soft, flexible mem- 
brane material such as polyurethane. The membranes 
are located adjacent the weight-bearing portions of the 
stump to provide a relatively soft, uniform surface to sup- 
port the stump. The various pressures in the bladders 
are independent of each other, and regulation by the us- 
er is envisioned. 

United States Patent No. 4,655,779 (Janowiak) is- 
sued on April 7, 1987 for an AIR SYSTEM PROSTHE- 
SIS FOR AMPUTEES. The system invention includes a 
hollow body with stiff peripheral walls and an open end 
and a cup-shaped partition defining, with the walls, a 
first socket. The system also includes a second socket 
having stiff peripheral walls, the second socket being 
snugly nested within the first socket. The second socket 
includes spaced apart inner and outer walls with cup- 
shaped closed ends interconnected and hermetically 
sealed at their outer ends. A continuous air chamber be- 
tween the inner and outer walls is> thereby, defined. A 
manually-operated air pump and pressure relief valve 
are mounted on the outer wall. Pressurized air can, 
thereby, be selectively introduced into the chamber and 
selectively exhausted therefrom. 

United States Patent No. 4,432,101 (Johnson) is- 
sued on February 21 , 1 984 for a CUSHIONING PATEL- 
LAR SUPPORT DEVICE. The device ol that reference 
includes an inflatable/deflatable bag which is insertable 
in an upper front portion of a prosthesis. A quick discon- 
nect, hand-operable pump enables the user of the pros- 
thesis to adjust the degree of bag inflation. 

United States Patent No. 3,889,301 (Bonner, Sr.) 
issued on June 17, 1975 for a THERAPEUTIC STUMP 
TREATING AIR SAC PROSTHESIS. An air sac is pro- 
vided to surround the amputee's leg stump. The sac, in 
turn, is surrounded by a casing which confines the pres- 
sure of the air sac inwardly against the stump. The distal 
end of the air sac is supported around and beneath the 
patient's stump. Means, between the air sac and the 
casing, aro provided to distort the surface of tho air sac 
and give it vertical stability with respect to supporting 
means. 

A foot or partial leg prosthetic includes an artificial 
limb portion to simulate the natural limb of the amputee 
which has been removed. The prosthetic does, howev- 



er, also include means for mating the artificial limb por- 
tion to the residual limb of the amputee. 

In accomplishing this function, it is important to con- 
sider comfort of the prosthetic user. In fact, in many cas- 
s es, the issue is not only comfort, but also minimization 
of irritation to the stump. Where the amputee is a dia- 
betic, rubbing can create a blister and infection which 
could lead to the need for further amputations or, in the 
extreme case, even death. Also, a liner must provide a 
jo friendly, pressure-free environment. Otherwise, the 
stump fluid will be pressurized and cause skin and tissue 
inflammation. 

As will be able to be seen in view of this discussion, 
a prosthesis liner which is custom-fitted has significant 
is advantages over one which may not be custom-fitted. 
A problem with custom-fitted liners, however, is that it is 
costly and time consuming to measure, assemble, and 
properly fit such an appliance. It is common to make one 
or more molds of the amputee's stump in the process. 
so Drying and curing of the mold can consume significant 
portions of time and result in significant delays. 

It is to the shortcomings of the prior art as repre- 
sented by the references discussed hereinbefore and to 
advantageous dictates of the art that the present inven- 
ts tion is directed. It is an improved prosthetic liner which 
serves to solve many of the problems of the prior art and 
which considers the positive dictates suggested by the 
prior art. 

30 Summary of the Invention > 

The present invention is an apparatus for fitting a 
prosthetic appliance to an amputee's limb stump. Typi- 
cally, such a limb stump has an irregular outer surface. 
35 The apparatus includes means for conforming the irreg- 
ular outer stump surface to an inner surface of a closed 
end liner which is intended to surround the stump. The 
inner liner is conformed to the stump by applying a vac- 
uum between the stump and the liner. There are one or 
40 more small tubes which enter the upper band portion of 
the inner liner. By applying vacuum and holding it during 
fitting of the liner, the thin inner liner will conform to the 
exact shape of the stump. This inner liner is made of a 
very solt but tough elastic material which simulates the 
is feeling of skin. It will move and absorb all surface pres- 
sures at the bony stump area. The inner liner is rein- 
forced in the axially central portion to restrict movement 
and creeping. The outer wall surlace ol the liner is slight- 
ly textured and made in such a way to promote adhesion 
so to an intermediate liner. 

In a preferred embodiment, probably at least two or 
more small, flat, thin, gelatinous shims are self-adhered 
to the inner liner to build up tho surface of the stump in 
such a way as to eliminate irregularities and provide a 
ss smooth, uniform curvature. The shims also provide 
more cushioning where needed. While the inner surface 
of the liner conforms to stump shape, therefore, the out- 
er surface has a smooth radiused profile. 
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An intermediate liner is received over the inner liner. 
The intermediate liner is made of a very soft, compliant 
materia! which behaves like a liquid or a gel. This ma- 
terial, however, is quite tough, resilient and energy-ab- 
sorbing and has elongation in a 1 .000 to 3.000% range. 
The intermediate liner has inner and outer wall surfaces, 
both of which are textured and designed to promote setf- 
adhesion. This intermediate liner is placed over the in- 
ner, vacuum, conforming liner. Thus, it adheres to the 
shim-radiused outer surface of the inner liner and pro- 
vides a weight-bearing, energy-absorbing comfort layer. 

An outer liner, which will have an inner wall surface 
designed to promote self -adherence to the intermediate 
liner, is placed over the now composite liner assembly 
and becomes an integral part of it. The outer wall of the 
outer liner is smooth, tough and abrasion-resistant. It 
will not degrade, tear, or be destroyed when exposed to 
the socket rigid edge.. 

Once such custom fitting of an ambute with a liner 
is completed, the liner conforms to the stump with a soft, 
fatty tissue-like interior. The liner is, thereby, very friend- 
ly to the stump. Nevertheless, the composite liner has 
a tough, abrasion-resistant, strong, elastomeric outer 
surface. In addition, the linercan have a mechanism and 
means to change volume and yet maintain good contact 
to the stump. 

In general, the amputee stump will lose body fluids 
and get smaller (i.e. circumferentially smaller). When 
this happens, the amputee can lose contact with the lin- 
er and feel a sensation of having lost the prosthetic limb 
completely as well as having lost the necessary contact 
to make for a smooth walk. At a minimum, comfort could 
be lost and dangerous pressure spots could be created. 
The inner liner can, therefore, be provided with a small 
tube connected to a miniature vacuum pump. This pump 
can be activated to suck in the inner wall of the compos- 
ite liner to continue conformance to the stump. The am- 
putee can control the amount of conformity by control- 
ling how much vacuum is applied. This method will pro- 
vide a pressure-free environment, and no inflatable 
bladders which may cause pressure spots are em- 
ployed. 

The present invention is thus an improved appara- 
tus for fitting a prosthetic appliance to a limb stump of 
an amputee. More specific features and advantages ob- 
tained in view of those features will become apparent 
with reference to the DETAILED DESCRIPTION OF 
THE INVENTION, appended claims, and the accompa- 
nying drawing figures. 

Brief Description of the Drawings 

Figure 1 is a fragmentary side elevational view of a 
typical limb stump; 

Figure 2 is a simplified sectional view thereof with 
an inner liner received over the stump; 
Figure 3 is a view similar to Figure 2 illustrating the 
inner liner received over the stump with a plurality 



of gelatinous shims applied to the inner liner; 
Figure 4 is a simplified sectional view thereof with 
an intermediate liner received over the inner liner 
and an outer liner received over the intermediate 

5 liner, and illustrating a vacuum pump and controller; '. 
Figure 5 is a simplified sectional view thereof with 
the outer liner applied, and illustrating automatic in- 
itiated vacuum taking means; and 
Figure 6 is a simplified sectional view showing the 

io composite liner assembly with the vacuum pump 
and a microprocessor as used in an alternative sen- 
sor system. 

Detailed Description of the Invention 

is 

Referring now to the drawings wherein like refer- 
ence numerals denote like elements throughout the sev- 
eral views, Figure 1 illustrates a typical stump 10 of an 
amputee wherein amputation has occurred slightly be- 

20 low the knee. It will be seen that the stump 10 has an 
irregular surface 12 with some indentations 14 and pro- 
trusions 1 6. It is the provision of comfort to the amputee, 
in spite of the existence of ihese indentations 14 and 
protrusions 16, that the present invention is. in part, di- 

& reeled. Additionally, the invention is also significantly di- 
rected to the saving of time and expense incident to the 
fitting of a custom liner. Typically, the present invention 
enables the fitting of a custom liner to be accomplished 
within a short time. This is in contrast topriorart methods 

so and structures where, typically, a minimum of 48 hours, 
and often in excess of that amount of time, is involved. 
Further, the present invention enables the custom-fitted 
liner to be adjusted when there is a loss of volume of the 
stump 10. 

35 Figure 3 illustrates a plurality of gelatinous shims 
1 8 having been applied toan inner liner 20 received over 
the stump 10 in order to fill in indentations 14 in the 
stump 10 and provide a smoothly radiused surface 12. 
It will be understood that the preferred embodiment en- 

<o visions the application of a thin, elastic liner 20, typically 
made of polyurethane, silicon or other elastomeric ma- 
terial, first being applied to the stump 10. The liner 20 
immediately protects the skin surface of the amputee 
since the thin, elastomeric liner is quite soft and fat-like 

« tissue in texture. Such a liner can be provided with a 
stretchable mesh embedded therein as in Applicant's 
prior application Serial No. 08/371 ,742, which was filed 
on January 12, 1995 and issued on January 14, 1997 
as U.S. Patent No. 5,593,454. 

50 Figures 2-3 illustrate at least one tube or conduit 22 
extending axially into the inner liner 20 through an elas- 
tic band/seal 24 at an upper end thereof. The tube 22 
serves to convey vacuum to between the amputee's 
stump 10 and the inner wall 26 of the inner liner 20. 

55 Figure 4 illustrates an intermediate liner 28 applied 
over the inner liner 20. This component 28 would have 
a gelatinous texture and would serve as the weight- 
bearing, energy-absorbing and conforming layer to pro- 
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vide a pressure-tree environment. 

Figure 4 also illustrates a vacuum pump 30. which 
is in fluid communication with the tube or tubes 22 in the 
inner liner 20, and a controller 32. which can be used, 
in some embodiments, tor effecting actuation of the vac- s 
uum pump 30. Each tube 22 can have a passageway 
which affords fluid communication between the inside 
of the tube 22 and the inner wall 26 of the inner liner 20. 
Such a passageway enables a vacuum to be taken at 
the interface between the stump 10 and the inner wall * 
26 of the inner liner 20. The inner liner 20 is. thereby, 
drawn into close conformity with the surface 12 of the 
stump 10. The controller 32 serves to enable volitional 
generation of the vacuum at the interface between the 
stump 10 and the inner wall 26 of the inner liner 20. » 

Figure 4-6 illustrate an outer liner 34 which encases 
the full assembly. The outer liner 34 is highly elastic and 
tough and has a higher modulus and hardness than ei- 
ther of the other liners, although it would typically be 
made ot a polyurelhane material also. The outer liner 
34 serves to provide abrasion resistance, and it gives 
form to the composite assembly. 

Figure 5 also illustrates an array of sensors 36 
which can be positioned at locations around the stump 
1 0. The sensors 36 can serve to ascertain that there is • 
a reduction in pressure around the stump 10 as a result 
of volume reduction which might occur because of per- 
spiration or other factors. The sensors 35 serve to trans- 
mit to the controller or microprocessor 32. via wires 40, 
that a reduction in pressure condition has occurred. The 
microprocessor 32, in turn, will function to actuate the 
vacuum pump 30. and the generation of additional vac- 
uum will result in the inner wall 26 of the inner liner 20 
being drawn into tight engagement with the stump 10. 
Ol course, the other liners will also be drawn in the same 
direction, since, at this point, the three liners are ad- 
hered to one another in a composite arrangement. 

In view ol the generation of additional vacuum, var- 
ious adverse effects can be avoided. Particularly, a 
loose fit which can result in rubbing and infection can be 
avoided, as can be a complete disengagement of the 
composite liner from the stump 10. 

Figure 6 illustrates an alternative mechanism for au- 
tomatically controlling actuation ol the vacuum pump 30. 
The embodiment ol Figure 6, as is true in the case ol 
the embodiment of Figure 5, employs, typically, a plu- 
rality ol pressure-sensitive transducers 38 placed atvar- 
ious locations about the stump 10. These transducers 
38 sense a reduction in pressure around the stump 10 
as a result of a loss of volume within the stump 10. Each 
transducer 38 in the embodiment ol Figure 5, in turn, 
has a lead wire 40 which runs to the microprocessor 32. 
Such a lead wire or lead wires 40 serve to convey infor- 
mation with regard to pressure sensed by the various 
transducers 38 to the microprocessor 32. 

The microprocessor 32, in response to the pressure 
information sensed and conveyed to the microproces- 
sor 32 from the transducers 38, will effect actuation of 



the vacuum pump 30. Once a regaining of a desired 
pressure is sensed as a result of the generation of vac- 
uum, the microprocessor 32 will effect deactuation of the 
vacuum pump 30. 

The embodiment illustrated in Figure 6 functions in 
a manner similar to that embodiment shown in Figure 5. 
The transducers 38 are not. however, provided with lead 
wires 40 in this embodiment. Rather, each transducer 
33 is provided with a transmitter 42. The microprocessor 
32 is. in turn, provided with receivers 44 to accept the . 
transmitted information from the transducers 38. There- 
after, the microprocessor 32 functions in the same man- 
ner as in the case of the embodiment of Figure 5. 
It will be understood that this disclosure, in many 
: respects, is only illustrative. Changes may be made in 
details, particularly in matters of shape, size, material, 
and arrangement of parts without exceeding the scope 
ot the invention. Accordingly, the scope ot the invention 
is as defined in the language of the appended claims. 



Apparatus for fitting a prosthetic appliance to an 
amputee's limb stump having an irregular surface, 
comprising: 

(a) a thin, stretchable inner liner receivable over 
the amputee's stump and conforming thereto; 

(b) a plurality of gelatinous shims adherable to 
said inner liner to eliminate irregularities in a 
contour of the stump surface; 

(c) an intermediate liner receivable over said in- 
ner liner having said shims adhered thereto; 
and 

(d) a highly elastic, abrasion-resistant outer lin- 
er receivable over said intermediate liner. 

Apparatus in accordance with Claim 1 further com- 
prising means for taking vacuum at an interface be- 
tween the amputee's limb stump and an inner wall 
of said inner liner, wherein said vacuum taking 
means comprises a vacuum pump in fluid commu- 
nication with at least one port formed in said inner 
wall of said inner liner and controller means for ac- 
tuating said pump. 

I. Apparatus in accordance with Claim 2 wherein said 
controller means comprises a microprocessor. 

\. Apparatus in accordance with Claim 3 further com- 
prising means for ascertaining pressure reduction 
about said stump. 

I. Apparatus in accordance with Claim 4 wherein said 
ascertaining means comprises a plurality of pres- 
sure-sensitive transducers spaced about the stump 
at different locations. 
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6. Apparatus in accordance with Claim 5 further com- 
prising means for conveying information from said 
pressure-sensitive transducers to said microproc- 
essor. 

s 

7. Apparatus in accordance with Claim 6 wherein said 
conveying means comprises cable means intercon- 
necting said pressure transducers to said micro- 
processor. 

10 

8. Apparatus in accordance with Claim 6 wherein said 
conveying means comprises a transmitter associ- 
ated with each transducer, and receiver means at 
said microprocessor. 

1S 

9. A custom-fitted, composite liner for fitting a pros- 
thetic appliance to an amputee's limb stump having 
an irregular surface, comprising: 

(a) a liner surrounding the stump; 20 

(b) a vacuum pump for taking vacuum at an in- 
terface of the limb stump and said liner 

(c) a plurality of pressure-sensitive transducers 
placed about the stump at locations spaced 
from each other; and ss 

(d) means, responsive to pressure reduction 
sensed by said transducers, for actuating said 
vacuum pump. 

f 0. Apparatus for fitting a prosthetic appliance to an 30 
amputee's limb stump, comprising: 

(a) a thin, stretchable inner liner receivable over 
the amputee's stump and generally conforming 
thereto; 35 

(b) an intermediate liner, having a gelatinous 
texture, receivable over said inner liner: 

(c) an elastic, abrasion-resistant outer liner re- 
ceivable over said intermediate liner; and 

(d) means for taking vacuum at an interface be- 10 
tween the amputee's limb stump and an inner 
wall of said inner liner. 

11. Apparatus in accordance with Claim 10 wherein 
said vacuum taking means comprises a vacuum 45 
pump in fluid communication with at least one port 
formed in said inner wall of said inner liner. 
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(54) Modular liner for limb stump prosthesis 

(57) Apparatus for effecting comfortable fitting of a 
prosthetic appliance over an amputee's limb stump (10) 
which has an irregular surface (12). The apparatus in- 
cludes a liner (20,28,34) surrounding the stump (10). 
The liner (20,28,34) is, in turn, at least indirectly, con- 
nected to the artificial limb. A vacuum pump (30) is pro- 



vided, the pump (30) serving to draw vacuum at an in- 
terface of the stump (10) and an inner wall (26) of the 
liner (20); and a plurality of pressure-sensitive transduc- 
ers (38) are disposed about the stump (10) at locations 
spaced from each other. The apparatus includes means 
(32), responsive to pressure reduction sensed by the 
transducers (38), to actuate the vacuum pump (30). 
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